The northwestern Tunisian Mateur-Beja domain comprises a thick succession of carbonate units belonging to the Late Cretaceous (Abiod Formation) and the Early Eocene times (Bou Dabbous Formation and its lateral equivalent). Sedimentological analyses were carried out on these sedimentary units with regard to their paleogeographic reconstructions. Three sections from the Upper Cretaceous and ten sections from the Lower Eocene successions were selected and correlated through the study area. The Upper Cretaceous Abiod Formation is composed of foraminiferal biomicrite limestones and marls deposited in outer platform to basin environments located slightly below storm wave base. The Lower Eocene carbonate successions are characterized by various storm-induced coarse-and fine-grained facies deposited in inner platform to basinal environments. Both carbonate units are characterized by significant lateral variations in thickness and facies. Close inspections show that thickness and facies variations were especially caused by synsedimentary major fault activity and locally by halokinetic movements. Comparison between the two studied units suggests that the changes of tectonic regime would have had significant impacts on thickness and facies distribution. Thus, the Upper Cretaceous and Lower Eocene carbonate deposits are interpreted in tectonically controlled basins.
Introduction
Many sedimentary criteria of sedimentary deposits have been used as evidences of synsedimentary tectonic movements. Lateral variations of thicknesses and facies of sedimentary series close to faults are usually interpreted as being produced by the synsedimentary activity of the faults. Thus, thicknesses and facies data of sedimentary series deposited in tectonically controlled sedimentary basins could be considered as useful tools for reconstructing their tectonic evolutions.
The northern Tunisian domain belongs to the northern Tunisian Tell; it is made up of many carbonate lithologic units interpreted as deposited in tectonically controlled sedimentary basins developed during various tectonic epochs (e.g., Castany 1951; Burollet 1956; Kujawski 1969; Rouvier 1985; Zargouni 1985; Ben Ayed 1986; Martinez and Truillet 1987; Zouari 1995; Zouari et al. 1999; Ben Salem 2002; Dlala 2002; Belayouni et al. 2012) . The Upper Cretaceous and Lower Eocene carbonate units are the best-known formations owing to their widespread appearances in outcrops. In the Mateur-Beja area, NW of Tunisia, these carbonate units are both composed of alternations of limestones and marls displaying significant variations in thicknesses and facies especially in the vicinity of major faults. Detailed interpretation of the depositional environments of the two mentioned carbonate units allows us to interpret them as being controlled by tectonic movements. The present paper aims to (i) describe the sedimentary facies and thicknesses of the Upper Cretaceous and Lower Eocene units and (ii) interpret the effects of tectonic regime on the sedimentary record inferred from facies and thicknesses data.
Geologic background

Paleogeographic framework
Paleogeographic reconstructions of the northwestern Tunisian domain during the Late Cretaceous and Early Eocene point to drastic changes in sedimentary depositional environments (e.g., Burollet 1956; Fournié 1978; Bishop 1988; Negra 1994; Zaїer et al. 1998; Troudi 1998) . During the Late Cretaceous ( Fig. 1a ), sedimentation took place in open marine deepwater environments characterized by relatively calm conditions (Burollet 1956; Mejri et al. 2006) . Sedimentary series formed in these environments are composed of hemipelagic and pelagic sediments-comprised fine-grained limestone and marl (e.g., Burollet 1956; Negra 1994) . Moreover, the Upper Cretaceous sedimentary carbonate series display significant lateral variations in thicknesses and facies which are interpreted by authors as resulted from irregular structuration of the seafloor into tilted subsiding basins developed under an extensional Upper Cretaceous tectonic regime (Martinez and Truillet 1987; Negra 1994; Bouaziz et al. 2002; Dlala 2002; Belayouni et al. 2012) . During the Early Eocene ( Fig. 1b) , paleogeography was characterized by numerous submarine highs and lands which delimited shallow-water marine basins (Bishop 1988; Zaїer et al. 1998 ). This basinal architecture changes was interpreted by some authors as resulted in a part from the change of tectonic regime (El Ghali et al. 2003; Tlig et al. 2010; Belayouni et al. 2012 ) and/or halokinetic movements (Kujawski 1969; Perthuisot 1981; Zaїer et al. 1998 ).
Structural framework
The northern Tunisian domain is located in the southeastern part of the North African chain belts, called the BMaghrébides.^The formation of the BMaghrébides^chain is related to the collision between the European and African plates which reached its climax during the Miocene period (Durand Delga 1980) . The BMaghrébides^chain is made up of roughly NE-SW-trending anticline and syncline structures composed of Mesozoic and Cenozoic lithologic units marked by saliferous Triassic diapirs (Zargouni 1985; Ben Ayed 1986) .
The study area is located close to major fault alignments known as the BHairech-Ichkeul faults (HI)^which extend over several kilometers along the northern Tunisian domain ( Fig. 2a ). In the Mateur-Beja area, the HI is composed of complex fault systems roughly oriented following NE-SW trends. The northern and southern domains of the HI faults are composed of narrow-shaped anticlines separated by relatively wide syncline structures (Fig. 2b ). The anticlines are composed of Upper Cretaceous-Paleocene limestone and marl deposits, while the synclines comprise younger rocks including Eocene to Quaternary deposits. Several Triassic diapirs such as the Bazina-Bou Krime, Sakkek, and Muncher appeared in these synclines.
Stratigraphic series
In the study area, the Upper Cretaceous carbonate series includes two main formations: the Turonian-Lower Campanian Kef Formation (Fournié 1978) and the Upper Campanian-Lower Maastrichtian Abiod Formation (Burollet 1956 ). The Kef Formation is dominantly composed of dark-gray marl containing a few meter-thick argillaceous limestone bundles. The Abiod Formation is composed of two limestone members separated by a marl-dominated middle member. The thickness of the Abiod Formation varies from 200 to 500 m. The Lower Eocene series, including the Bou Dabbous Formation (Fournié 1978) and its lateral equivalents, is composed of 10 to 140-m-thick limestone and marl alternations dated Late Paleocene-Early Lutetian in age (Kujawski 1969; Fournet 2001; Belayouni et al. 2012 ).
Methods
The Upper Cretaceous Abiod and the Lower Eocene Bou Dabbous Formations have been examined in numerous sites from the study area. Three field sections have been chosen from the Abiod Formation and ten field sections from the Bou Dabbous Formations. Sedimentary series were directly measured in field, described, sampled, and correlated. Trace fossils were described in field while their abundance was accurately measured in beds. Rock textures were determined following Folk (1962) , Dunham (1962) , and Flügel (2010) classifications. Microfacies characteristics including fossil content, grain size, and composition were described on thin section while relative proportions of grains were evaluated following point counting on 1 cm 2 grid.
Results
Thickness data and facies distribution and of the Upper Campanian-Lower Maastrichtian Abiod Formation
Lateral correlation of the Upper Campanian-Lower Maastrichtian Abiod Formation displays a conspicuous thickening of the series north of the HI faults ( Fig. 3 ). Thickness varies from 200 m south of the HI faults to 350 to 520 m to north. Thickness variations are associated with significant changes in facies. Facies analysis reveals the presence of two major lateral facies couplets: (i) distal storm-induced facies and (ii) muddy turbidites facies ( Fig. 4) .
Distal storm-induced facies are represented by foraminiferal-rich calcarenite limestone, silty marl, and white chalk. Calcarenite limestone occurs as 20-to 50-cm-thick beds commonly marked by erosional surfaces, gutter cast structures, wave-and current-induced asymmetric ripples, and abundant lithoclasts. These sedimentary features are interpreted as characteristics of high-energy storm-induced currents (e.g., Aigner 1982) . Silty marl consists of metersized intervals, composed of lens-shaped calcarenite, and calcisiltite interbeds of 10-to 25-cm thick, finely crosslaminated, and commonly marked by undulating erosional surfaces. These intervals were deposited by low-energy distal storm currents. The white chalk facies is composed of massive and occasionally laminated decimeter-thick beds, frequently marked by basal erosional surfaces, and showing planar to large-scale incurved laminations suggested to be formed by storm-combined flows. In terms of textures, distal storminduced deposits are commonly composed of moderately to well-sorted calcisphera/planktonic foraminifera-rich packstones and wackestones containing sparse benthic foraminifera, inoceramids, and sponge spicules.
Muddy turbidite facies is composed of laminated and bioturbated fine-grained limestone, marl, and chalky limestone deposits. Laminated limestone beds are 10-to 25-cm thick, commonly marked by dark-colored millimeter-thick planar laminae occasionally composed of inoceramid prisms and lithoclasts. These laminae are similar to those described form muddy turbidites (e.g., Stow and Shanmugam 1980) . Laminated limestone intervals are interbedded within 10-to 60-cm thick bioturbated intervals commonly composed of abundant trace fossils attributed to the Cruziana and Nereites ichnofacies. Both laminated and bioturbated beds are composed of foraminifera/ calcisphera-rich wackestone and packstone. Laminated beds are particularly composed of relatively sorted sediment enriched with inoceramid shell fragments, lithoclasts, and sparse benthic foraminifera (less than 10%). These bioclast grains were transported by downslope lowdensity turbidity currents. Chalky limestone is composed of foraminifera-rich wackestone and mudstone usually bioturbated and frequently marked by hardground surfaces interpreted as deposited in starved outer platform environments .
Interpretations
In northern Tunisia, the Upper Campanian-Lower Maastrichtian deposits have been interpreted as deepwater deposits (Burollet 1956; Negra 1994) . From our observations, sedimentary structures reveal that these sediments were deposited in outer platform to basinal environments located around storm wave base (Fig. 5 ). The northern sector was located in deeper environments commonly acted as an area for the deposition of gravity-driven muddy turbidites. The absence of storm-induced structures in this sector suggests that it is located below storm wave base. The southern sector was relatively shallower, commonly dominated by the deposition of distal storm deposits. The southern and northern sectors were separated by slope represented by the HI faults which acted an area for the activity of downslope low-density turbidity currents. The predominance of low-density turbidity currents suggests a gentle sloping area separated the southern and northern blocks.
The significant increase of thickness in the NW sector of the HI faults suggests an increase of subsidence of this sector with respect to the southern one. This configuration implies graben-like geometry of seafloor probably generated by extensional tectonic movements of the Late Cretaceous 
Thickness data and facies distribution of the Lower Eocene Bou Dabbous Formation
Correlation of the Lower Eocene Bou Dabbous Formation shows a significant thinning of the succession in the vicinity of HI faults (BJO, SN, BJ sections) and Bazina-Bou Krime Triassic diapir (Fig. 6 ). Thicknesses vary from 20 to 30 m in areas adjacent to the HI faults to 50 to 140 m in areas located beyond the HI faults.
In terms of facies, the Lower Eocene deposits are composed of coarse-and fine-grained deposits interpreted as induced by storm. Two major facies associations were recognized: (i) gravity-driven coarse-grained deposits and (ii) finegrained storm-dominated deposits (Fig. 7) .
Gravity-driven coarse-grained deposits correspond to debris-flows-like and high-density turbidite-like deposits, presumably generated by storm in shallow marine areas and transported downward through a slopping zone . They comprise conglomerates, breccia, shell-rich limestones, coarse calcarenites, and sandy (i.e., matrix. These deposits were generated by storm in highenergy shallow-water environments before they will be gravitationally transported into relatively deepwater environments. Coarse-grained calcarenites and sandy glauconites consist of decimeter-thick beds, usually structureless and occasionally marked by planar laminations testifying of deposition from high-density gravity-driven currents. The deposits are composed of glauconite/phosphate-rich matrix containing abundant benthic foraminifera, globigerinids, echinoderms, bivalves, peloids, and cortoids.
Fine-grained storm-dominated deposits comprise peloidrich limestones, lithoclastic limestones, calcisiltite limestones, and dark/gray laminated limestone interbedded within marl series. The first three facies occurs as centimeter-to decimeter-thick beds commonly marked by erosional surfaces, gutter casts structures, hummocky-cross stratification (HCS), wave-induced asymmetric ripples and current ripples. These structures bear evidences of deposition from stormcombined flows (e.g., Aigner 1982) . The dark/gray laminated limestones are marked by planar to slightly undulated organic-rich laminae suggesting a deposition from low-density storminduced currents in areas located below the storm wave base. In terms of textures, storm-induced deposits correspond to relatively sorted packstones, wackestones, and occasionally, grainstones commonly composed of globigerinid/calcisphera, echinoderms, bivalves, nummulites, phosphates, and rarely quartz.
Interpretations
In the study area, the Lower Eocene deposits have been classically interpreted as deposited into two sedimentary environments: (i) nummulite-rich facies deposited in shallow marine platform, (ii) globigerinid-rich facies deposited in deepwater basins (Fournié 1978; Tlig et al. 2010 ). According to our observations, four major depositional sedimentary environments were inferred: (i) inner platform environments, (ii) shoal complex, (iii) middle-outer platform, and (iv) basin (Fig. 8) . The inner platform is located between and storm wave base and fair-weather wave base. It occupies the Fig. 7 Facies distribution of the Lower Eocene carbonate series southern block of the study area. The inner platform is dominated by the deposition of storm-dominated fine-grained deposits including peloid-rich, lithoclasts-rich, and calcisiltite limestones. Shoal complex corresponds to high-energy shallow marine highs located above the fair-weather wave base. This area extends parallel to the NE-SW-trending HI major faults, and it is represented by gravity-driven coarse-grained deposits. Facies data suggest that shoal complex and inner platform were separated by rugged slope acted as bypass zone for the transport of coarse-grained deposits.
The middle-outer platform and basin environments were located in the northern block of the study area. The middleouter platform environments are located at storm wave base as indicated by storm-induced structures. Sedimentation within such environments was dominated by fine-grained stormdominated deposits transported from shallow marine environments via storm-combined flows. Basinal area extends northward beyond the middle-outer platform. It is dominated by the deposition from low-density organic-rich deposits transported by storm currents and deposited in episodically confined environments located below the SWB.
The significant variations of facies and thicknesses in the vicinity of HI major faults suggest a synsedimentary activity of these faults. These faults were presumably acted as slopping bypass zones for the lateral transport of sediments. The southern side of these faults was marked by rugged slope dipping southward, while the northern side was rather marked by gentle slopping zone passing basinward. This configuration suggests tilted block geometry of the seafloor. In the northern block, there was a significant decrease of thickness close to the Bazina-Bou Krime diapir. Such features suggest that this diapir was active during sedimentation and that the obvious decrease of thickness was presumably caused by the dome-like geometry of seafloor caused by this diapir.
Discussion
Changes of tectonic regimes
In the literature, the Late Cretaceous and the Early Eocene times have been described as periods of distinct tectonic regimes. Late Cretaceous time is characterized by an extensional tectonic regime manifested by normal faults and graben and half-graben structures (Martinez and Truillet 1987; Negra 1994; Bouaziz et al. 2002; Dlala 2002; Belayouni et al. 2012) . The Early Eocene time is described as period of Btectonic inversion^ (El Ghali et al. 2003; Tlig et al. 2010; Belayouni et al. 2012 ) characterized by the onset of compressional tectonic phases.
Based on such interpretations, the study area would be structured during the Late Cretaceous into northward sloping graben-like or half-graben structures marked by the HI major faults. The latter probably acted as normal faults causing a deepening of the northern block with respect to the southern one. In contrast, during the Early Eocene tectonic inversion probably led to the reworking of the HI faults into reverse movement through which fault zone was reactivated into southward rugged slope and northward gentle slope. This would be caused during the deformation of seafloor probably during the onset of tectonic reverse movements. If it is so, the structural pattern of the study area during the Lower Eocene would be ascribed to growth syncline structures separated by the HI faults. 
Effects of tectonic activity on sedimentation
Comparing the Upper Cretaceous and the Lower Eocene deposits, tectonic activity appears to have significant influences on sedimentation. In both units, there was a synsedimentary control of facies and thickness distribution by major faults and locally, some Triassic diapir movements. The major impact of tectonic regime on sedimentation lies in the deformation of seafloor topography. Nonetheless, the slightly oblique to planar seafloor topography of the Upper Cretaceous was restructured into seafloor depressions separated by the major faults. This seafloor geometry was at the origin of formation of partially isolated subsiding sub-basins characterized by different environmental conditions; the northern basin was episodically confined and dominated by low-oxygen condition while the southern block oxygenated and calm conditions prevailed. Furthermore, the drastic change of seafloor topography led to significant variations in facies belts. The Upper Cretaceous facies show gradual lateral continuity of facies spectrum on either side of the major faults. For instance, the southern block was occupied by white chalk facies, which laterally passes into chalky limestones facies deposited in the northern block. The Lower Eocene facies was characterized by high-energy facies in inner platform and relatively low-energy facies in proximal inner and middle to outer platform. This facies belt was controlled by major fault activity.
The particular relationships between Triassic diapirs and subsiding areas suggest that such diapirs were controlled by subsidence, whether this was related to high sedimentation rates and/or tectonic movements of blocks. In both lithologic units, the impact of diapirs on sedimentation especially lies in the control of thickness. Thickness of sedimentary units displays a significant increase of thickness in submarine subbasins generated close to diapir or alternatively a prominent decrease in dome-like di apir morphology. This synsedimentary control of thickness could be related to the evolutionary steps of growth of diapir (e.g., Vendeville and Jackson 1992) . In contrast, there are no drastic variations in facies were noticed close to diapir.
Conclusions
The Upper Cretaceous and the Lower Eocene carbonate units of northern Tunisia were deposited in tectonically controlled sedimentary basins developed during distinct tectonic regimes. Sedimentary data provided by these sedimentary successions show that tectonic activity controls facies and thickness distribution especially in areas located in the vicinity of major faults. During the Upper Cretaceous extensional regime, thicknesses and facies show gradual changes from shallow southern areas to deeper northern ones. This gradual change resulted on the formation of genetically related facies such as chalk and chalky limestone. In contrast during the Lower Eocene compressional regime, there was a subtle change in facies and thicknesses from the southern to the northern areas. Facies spectrum shows various and genetically unrelated facies generated by local separation of their depositional environments an irregular lateral continuity from shallower to deeper depositional environments due to fault inversion.
